ABSTRACT
INTRODUCTION
Cassava (Manihot esculenta Crantz) is a shrub plant from the Euphorbiaceae family and its cultivation has been associated in Brazil since its discovery (Cardoso and Souza, 2002) . Cassava is mainly cultivated because of its starchy storage roots and it is considered one of the most important staple food in the tropical countries. It represents the fourth largest source of energy (Alves, 2002) besides being a very important animal feed and industrial raw material (Doretto, 1993; Cardoso and Souza, 2002) . According to Scott et al. (2000) , cassava is one of the crops with the highest annual cultivation area increase (about 2%), being similar to corn (Zea Mays) and only inferior to potatoes (Solanum tuberosum). In Brazil, the total production of cassava roots in the 2004/2005-year was of 27.66 million tons in an area of 1.94 million hectares, with an average yield of 14.25 t.ha -1 (IBGE, 2006) . Paraná State presented a production of 4.18 million tons in an area of 205 thousand hectares with an average yield of 20.37 t.ha -1 (IBGE, 2006) , despite being the highest index in Brazil. This is still low considering the cassava productivity potential (Sagrilo et al., 2002a) . Although cassava is considered a perennial plant, its starchy storage roots are commercially harvested from 6 to 24 months of age according to the cultivar and growth conditions (El Sharkawy, 1993) . In humid low-lands in tropical countries, the roots can be harvested after 6-7 months (Cock, 1984) , and in areas of cold and drought periods they are harvested after 18-24 months. Results obtained by Sagrilo et al. (2002b) in Araruna, Northwest of Paraná emphasized that cassava harvested at 21 months could improve its storage roots yield, in the order of 93.5%, compared to crops of only one vegetative plant cycle. Despite the existence of more adequate periods for cassava harvest, in some Brazilian states it has been performed almost all year long, which characterises a particular condition of this country. Several characteristics are associated to the yield of cassava and among the most important, are those related to the foliage production, leaf life length, and assimilates distribution (Veltkamp, 1985) . According to Cock et al. (1979) , an increased leaf life and, consequently, a longer period of plant photosynthesis are important factors to obtain an increase in the cassava storage roots yields. Veltkamp (1985) reported that variations in the storage roots production occured in function of the differences in the leaf area or in its life length. Sangoi and Kruse (1993) found that the plant foliage maintenance for a long period allowed to keep the assimilates flow to the root system more efficiently, leading to high accumulation of dry matter in the storage roots. On the other hand, the dry matter accumulation in the stalks is another important factor for the cassava productivity efficiency, considering both, the quality of the planting material and the conduct feature (Jesus et al., 1986) , which was responsible for the carbohydrates supply to the plant vegetative portion in the sprout periods (Sales Filho, 1980) and to the storage roots during the physiological rest period (Conceição, 1981; Alves, 2002) . There are few papers describing the behaviour of dry matter contents in different cassava organs during the plant cycle as well as its relation to the foliage production. For this reason, this paper aimed to study the pattern of foliage production and dry matter distribution in different organs of five cassava cultivars in different harvest times during the second plant cycle. 
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MATERIALS AND METHODS
The experiment was carried out from October 1997 to May 1999 in a distrophic Red Latosoil (Embrapa, 1999) (Godoy et al., 1976) . Climatic data recorded during the experimental period are showed on Fig. 1 (Vidigal Filho et al., 2000) . A randomized complete block design with four replications and treatments arranged in split plots was used. The cultivars were randomly distributed in plots (main treatments) and the harvest times in the sub-plots (secondary treatments). The plot dimensions were 17.6 m x 22.0 m, with 1.0 m between rows and 0.80 m among plants in the same row. The total area of each plot was 327.2 m 2 , with each of the 10 subdivisions (subplots) referring to a harvest period (Sagrilo et al., 2003) . Each sub-plot was composed by a row of 22 plants and two lateral borders. The plants at the extremities of each sub-plot and the lateral borders were discarded. The sub-plot useful area (16.0 m 2 ) comprised 20 plants, from which six were randomly chosen for harvest at each data collection (Veltkamp, 1985) , from August 1998 (12 th month after planting) to May 1999 (21 th month after planting). The aerial part of these representative plants was divided into leaf blades, petioles and stems. Leaf blades and petioles were weighed to determine the total production of fresh leaves per unit area. Sixty grams samples of leaf blades, petioles and stems were taken. Stems were cut in cubes of approximately 0.01 m and dried at 60 o C in a forced air oven until constant weight, to determine their respective dry matter contents (Sales Filho, 1980) . Leaf blades and petioles were dried at 45 o C to obtain the dry matter (Silva, 1981) . From the other plants of each sub-plot, 20 storage roots were randomly taken and their diameter was determined from the central part of each root with a sliding caliper. Afterwards, a sample of these storage roots was submitted to the hydrostatic balance method as described by Grossmann and Freitas (1950) to estimate their dry matter content. The correlation between sample weight in water and its dry matter content after drying at 105ºC showed that the dry matter content in roots increased in the order of 0.0564% per each increase unit on sample weight in water. Thus, the following equation is obtained: Y = 15.75 + 0.0564 x, where "Y" is the dry matter content and "x", is the 3-kg sample weight in water. The data were submitted to analysis of variance for the main effects (cultivars and harvest period) as well as for their interaction (cultivars x harvest period). When significant interaction was observed, adequate statistical procedures were performed, according to Banzatto and Kronka (1995) recommendations. Cultivars means were compared by the Tukey test at 5% of probability, while the harvest time means were analyzed by polynomial equation models. For storage roots diameters, however, a logistic model of four parameters was fitted, that is: ŷ = a + b / (1 + exp (-( x -c ) / d)). These according to Ratkowsky (1990) , described as the following: 'a' parameter corresponds to the minimum asymptote; 'b' parameter corresponds to the difference between the maximum and minimum asymptote; 'c' parameter corresponds to the curve inflection point; 'd' parameter describes the curve declivity and; x = harvest period.
RESULTS AND DISCUSSION
The analysis of variance showed a significant effect (P ≤ 0,05) of cultivars for the total production of fresh leaves, dry matter content in the leaf blades, stems and storage roots and, nonsignificant effect (P > 0,05), for the dry matter content in the petioles and storage roots diameter. The effect of harvest period was significant for all the variables studied. However, the interaction between cultivars and harvest periods showed a non-significant effect only for the storage roots diameter, being necessary to adjust a mathematical model from the general means of the five cultivars in each harvest period. For the other characteristics, witch had significant interaction, a mathematical model was fitted to each cultivar.
1) Total production of fresh leaves:
The variations observed in all the cultivars along the second plant vegetative cycle allowed the adjustment of polynomial equations of quadratic order (y = a + bx + cx 2 ). This behavior was characterized by very low means of total fresh leaves production at 12 months, followed by a significant increase of production until the 16.57 months of age in the cultivar means, with a new decrease at 21 months of age (Fig. 2) . The total production of fresh leaves seemed to be related to climatic variations along the harvesting period, especially, those related to temperature. According to Fig. 1 , there was an increase in the mean temperatures from August onward, reaching maximum values between December and January, and a posterior decrease. This temperature increase coincided with the total production of fresh leaves. Sangoi and Kruse (1993) , for the climatic conditions of Santa Catarina, south region of Brazil, also reported that the proximity of the end of the summer and the consequent reduction of atmospheric temperature resulted in a considerable foliar senescence increase. Takahashi (1998) also reported similar results for the climatic conditions of Northwest of Paraná State -Brazil. However, the data obtained by Távora and Barbosa Filho (1994) , on Ceará, northeast region of Brazil, indicated that the amount of foliage depended not only on the climatic conditions, but also, strongly on the plant age. The reduction of leaves amount along the plant cycle was a normal fact and that the cycle could be accelerated, or retarded by the climactic conditions. According to Taiz and Zeiger (1998) , the leaves drop was a kind of sequential senescence, which occured as they reached a certain age. For the cassava, this age varied from 60 to 120 days (Lorenzi and Dias, 1993) . Alves (2002) also attributed the decrease in leaves production to the age of cassava plant and emphased that the foliar area was crucial in determining the culture growth and the dry matter accumulation rate in the storage roots. In relation to the cultivars, it was observed that only at 16, 17 and 18 months of age, there were significant differences between the means; the period that coincided with the maximum leaves production. In these months, Mico and IAC 14 ŷ ŷ ŷ ŷ ŷ cultivars presented, in general, the highest values, although at 16 months, IAC 13 had statistically equalized to them. In general, Fibra and Fécula Branca presented the lowest means. In the following months, there were non-significant differences among the cultivars, indicating that there was no tendency of any of them, to present a faster rate of leaf area formation, or a longer leaf area duration. A possible differentiation among the cultivars in relation to these attributes would represent a desirable factor, considering that, according to Cock et al. (1979) and reinforced by Sangoi and Kruse (1993) , the life cycle increase of the leaves would be related to a longer period of the photosynthesis, and consequently to the increment in the storage roots yield.
2) Dry matter content in the leaf blades: The dry matter content variation in the leaf blades (Fig. 3) allowed the adjustment of a linear model for each assessed cultivar (y = a + bx). Based on the equations obtained, the leaf blades tended to increase their dry matter contents along the harvest period, with increases in the order of 124.22%, in the case of Fibra cultivar. ) of five cassava cultivars, at 10 harvest times, during the second plant cycle (12 to 21 months). Araruna, Paraná, 2001 . Carvalho et al. (1985 showed the variation in the humidity content of the superior portion of cassava plants (leafy portion). The highest humidity was observed in the period of more intense leaf production. This was due to the high rainfall intensity observed in the period. However, the variations found in this study were not affected by climate, considering that the plants expressed a continuous increase of the dry matter contents, even during the period of most intense vegetative growth. According to Tineo (1978) , there is a higher accumulation of dry matter in the leaves with the time due to the tissue lignification. However, for the present study in any of the harvests the leaf blade samples taken analysis contained old and young leaves. However, it was probable that as the plant aged, the chances of being taken older leaves for sample were superior due to the increase of foliar senescence after the complete aerial part formation in the second life cycle. Furthermore, in that period, the production rate of new leaves decreases (Alves, 2002) . This fact can explain, therefore, at least in part, the constant increase of dry matter in the leaf blades in the second plant cycle. Another possibility, however, could be related to the fact that, according to Alves (2002) , the size, the morphology, and other agronomical ŷ ŷ ŷ ŷ ŷ characteristic of the cassava leaves varied according to the environment and the plant age. This was reinforced by Conceição (1981) and indicated, therefore, that the increase of dry matter contents present in the leaf blades could be related to ontogenetical factors inherent to the cassava plant itself. Regarding the cultivars, the data obtained showed that in most harvest times, there were no significant differences among means, except for the harvest at 13, 14 and 21 months of the plant age. At 13 th month, Mico, Fibra and IAC 14 cultivars presented superior means. In the following month, besides these cultivars, Fécula Branca presented superior dry matter content in the leaf blades. But at 21 months of age, Fibra exceeded over all, perhaps, as a consequence of the superior accumulation rate of dry matter, which resulted in an average 124.22% superior to that observed in the beginning of the harvest or due to the low production rate of new leaves, observed for this cultivar.
3) Dry matter content in the petioles:
The data obtained for this characteristic (Fig. 4) were similar to those presented for the dry matter content in the leaf blades (Fig. 3) allowing, thus, the adjustment of a linear polynomial model (y = a + bx). The behavior expressed by the equations adjusted for each cultivar evidenced continuous increase of the dry matter contents in the petioles. However numerical values showed were comparatively inferior to those observed to the leaf blades. The magnitude of the variations found between the first and the last harvest surpassed remarkably the values observed to the dry matter contents in the leaf blades. These variations were, at average of 146.65% between the first and the last harvest. Regarding the cultivars, significant mean differences were found only at 15 and 21 months of age. At 15 months, it was observed that IAC 14 cultivar presented superior values, while IAC 13 inferior ones, not differing from Mico, Fibra, Fécula Branca and IAC 13. The cultivars that presented superior means in the last harvest, corresponded to those of superior percentile increment in the dry matter of the petioles. It was observed that although the dry matter content in the petioles were similar to the dry matter content in the leaf blades (Fig. 3) , the cultivar behavior did not describe the same quality of both variables. Possibly, this difference occurred because of the ŷ ŷ ŷ ŷ ŷ ambiguity presented by the leaf blades, some times acting as a sink (beginning of its formation), another times acting as a source (Alves, 2002) , whereas the petioles did not present significant attribute of source. These differences could have contributed for the cultivar variations as to the dry matter content in the leaf blades and in the petioles.
4) Dry matter content in the stems:
This characteristic showed a behavior explained (Fig. 5 ) through polynomial models of cubic order (y = a + bx + cx² + dx³). It was noticed that at the beginning of harvest period (at 12 months), the plants showed high dry matter content in the stems, with differentiated amplitude for each cultivar. After this harvest, the means decreased sharply and the period with lower values occurred when the plants aged 14.61 months. From this period onward, an increase in averages for all cultivars was observed with a peak of greatest accumulation at the age of 19.40 months and a new tendency to decrease the means until the last harvest. Both the minimum period and the maximum accumulation of dry matter in the stems were obtained from the first derivation of adjusted polynomial functions, as presented in the means of the cultivars. ) of five cassava cultivars, at ten harvest times, during the second plant cycle (12 to 21 months). Araruna, Paraná, 2001. In the months related to the first harvests, the intensive process of new leaves formation (Fig. 2) was the main cause of the decrease in the dry matter content in the stems, as observed in all the cultivars. This process constituted a strong sink (Alves, 2002) of carbohydrates stored in the stems. According to Madore (1994) , when there is a large demand of carbohydrates, they can be carried to the phloem. Similarly to this assertion, Conceição (1981) and Lorenzi and Dias (1993) state that at the beginning of second period of vegetative growth of cassava plants, the buds from the superior portion started their vegetative activity utilizing the accumulated reserves in the stems of plants and other parts as well. As a result, there was a reduction in starch content, and consequently, in the dry matter. The increase of dry matter content in the stemswhich was observed from the 14.61 months with a peak of high accumulation at 19.40 months -had the full resumption of plant photosynthesis as a conditioning factor, because the plants, in that period, had their leaf structure totally developed. The subsequent mean decrease, observed at 21 ŷ ŷ ŷ ŷ ŷ months, indicated an approximation of a new period of physiological rest, characterized for stagnation in great part of metabolic activities and maintenance of stem flow assimilates for the storage roots, according to Sales Filho (1980), Conceição (1981) , Sangoi and Kruse (1993) and Alves (2002) . In relation to the differences found among the cultivars, in the first three harvest times, IAC 14 cultivar showed the highest means, although it was not significantly different from Mico at the age of 13 and 14 months. At 15 months, IAC 13 showed the lowest means whereas the other cultivars were superior, but they did not differ. At 16 months, IAC 14 showed the highest means again, but it did not differ from Fécula Branca. At 17 months, no significant difference was noticed among the cultivars, nevertheless, from the age of 18 months, Fécula Branca started to be superior to the other cultivars and equaled only IAC 14 (aged from 14 to 19 months) and Fibra, IAC 13 and IAC 14 (aged 20 and 21 months). The results indicated that the differences among the cultivars were more evident in the periods of high dry matter contents in the stems, as opposed to periods with lower contents. This suggested that some cultivars showed more capacity for accumulating dry matter in the stems, which could be more efficiently used by plants in periods of vegetative re-growth, because they could involve, in less proportion, the dry matter stored in the roots (Sales Filho, 1980; Conceição, 1981; Sangoi and Kruse, 1993) . 5) Evaluation of dry matter content in the storage roots: It was observed that the variations in the obtained data allowed the adjustment of polynomial models of cubic order (y = a + bx + cx² + dx³) to explain the biological behavior of each cultivar. The data showed in Fig. 6 indicated that in the first harvest (12 months), the values were high, and turned to decrease by 15 months exactly. From this period onward, the plants returned to accumulate reserves in the storage roots, with maximum peak at 20.77 months (means of the cultivars). At 12 months, the plants were at the end of the first phase of physiological rest. This explained the high dry matter contents in the storage roots. The following months were characterized by the beginning of a new cycle of the plant vegetative development. Part of the reserves that were in the roots was mobilized in order to serve the demand of formation of the new plant vegetative structures, especially the leaves (Fig. 2) . This was in accordance to the data obtained by Keating et al. (1982) in Australia, which reported that the period of plant physiological rest represented the best harvest time, because of the high production of storage roots and dry matter. The harvest delay resulted in reduction of dry matter content because of the mobilization of carbohydrates to support the new organs in growth. The new period of dry matter accumulation in the storage roots that followed until the age of 20.77 months resulted from the full structure of plant foliage, as presented in Fig. 2 . This behavior was related by Hammer et al. (1987) and Hobman et al. (1987) for Australia conditions, stating that the dry matter contents in the storage roots were high in periods of low growth and vegetative rest, showing outstanding decrease during the periods of regeneration of the aerial part. Another point refered to minimum and maximum dry matter content in the storage roots, which were obtained by the first derivation of polynomial functions. Although the curve shape was similar to the one observed to the dry matter content in the stems (Fig. 5) , the minimum dry matter contents in the storage roots occurred at 15 months. It was possible to say that the source role performed by the stems supported for some time the sprout process of the plants in the second cycle and only after the exhaust of their reserves, the roots contributed more significantly by supplying carbohydrates to the aerial part. At the same way, the maximum accumulation of dry matter occurred in the stems aged 19.40 months, while in the storage roots, this occurred at the age of 20.77 months, over one month later. In this case, assimilates that were produced by photosynthesis apparatus restored fully the dry matter contents first in the stem and, only after that, in the storage roots. It indicated that the plant stem could constitute a preferential drain, in the initial period in which the balance of carbohydrates started to be positive. There was an existence of a significant difference among the cultivars, only from 14 months onward when IAC 14, Fécula Branca, Fibra and Mico showed the highest means. However, from 15 to 21 months, IAC 14, Fécula Branca, IAC 13 and Fibra cultivars surpassed Mico, but they did not differ. The superiority of IAC 14, IAC 13 and Fécula Branca, in relation to the dry matter content in the storage roots, was also observed by Vidigal Filho et al. (2000) in the northwest of Paraná, in plants with one vegetative cycle. Emphasis must be placed on the fact that the cultivars that were responsible for high dry matter contents in the storage roots were also those with high dry matter contents in the stems, especially in periods of maximum accumulation (Fig. 5) . It reinforced the importance of the stems, because they provided carbohydrates supply to the aerial part in regeneration phase, as opposed to carbohydrates stored in the storage roots.
6) Mean diameter of storage roots:
The variations found for this characteristic along 10 harvest dates obeyed a non-linear behavior, which was explained mathematically by a sigmoid model (Fig. 7) . It was observed that the mean diameter of storage roots remained practically unchangeable, from 12 to 15 months, in a plateau, with mean values around to 4.0 cm. From the age of 15 to 19 months, there was an accelerated increase in the mean diameter of storage roots, reaching a new plateau, with mean values around 5.2 cm. These variations coincided with normal behavior of cassava plant during the second cycle, which according to Montaldo (1979) consisted of development of new stems and leaves, thickener storage roots and rest. These phases were quite evident in the present study, especially in the period of greatest increase in diameter that corresponded to the phase of high leaf production. These results could be considered important as the increase of diameter in the storage roots was an attribute directly related to the production of storage roots (Williams, 1974) ; radial diameter of storage roots to be the main component of production and that the weight of storage roots were functions of its diameter. Therefore, the results of the present study, showed the importance of leaves production and their influence in the production of storage roots (Cock et al., 1979; Veltkamp, 1985; Sangoi and Kruse, 1993) .
General means obtained showed that there was not any significant difference in the diameter of storage roots among the cultivars. The obtained results were, on average, 4.6 cm. This statistical equality among the cultivars was different from data presented by Williams (1974) , who reported in Kuala Lumpur, Malaya, the existence of cultivars with similar storage roots length, but with wide variations in weight because of differences in their diameter.
CONCLUSIONS
-The leaves production was greater in high temperature period, and this was influenced by the age of the plant; -The dry matter content in the leaf blades and petioles increased continually as the plant aged, being related to the low proportion of young leaves and ontogenetic factors of the plant; -The role of source, exerted by the stems, supported, temporarily, the vegetative restructure of the plants, involving, in less proportion, the carbohydrates present in the storage roots; -The dry matter contents in the storage roots were lower in the period of re-structure of vegetative portion and higher in the phase of physiological rest of plants; -The storage roots diameter increased considerably when the amount of leaves was higher, indicating the importance of leaf production in the cassava yield components.
de parcelas subdivididas, estando as cultivares nas parcelas e as épocas de colheita nas subparcelas. A produção de folhas foi afetada pela idade das plantas, sendo maior nos períodos de temperatura elevada. Os teores de massa seca nos limbos foliares e pecíolos aumentaram linearmente com a idade das plantas, devido à menor proporção de folhas jovens e a fatores ontogênicos inerentes à planta.
As hastes proporcionaram, temporariamente, os assimilados necessários para a reestruturação vegetativa das plantas, protelando a disponibilidade e uso dos carboidratos armazenados nas raízes. O teor de massa seca nas raízes foi menor durante o período de crescimento vegetativo e maior, durante o período de repouso fisiológico. O diâmetro das raízes aumentou, consideravelmente, no período de maior enfolhamento, indicando a importância da produção de folhas nos componentes de produção da mandioca.
